Background Comparison of presentation and outcomes of central serous chorioretinopathy (CSC) between male and female subjects in different ethnic populations. Methods Retrospective comparison between male and female subjects with CSC was completed. Demographic details, clinical presentations, imaging features and treatment outcomes were compared at baseline and at last follow-up. Results This study included 155 male and 155 female subjects with a mean (CSD) age of 43.8 ± 10.3 and 57.0 ± 12.1 years, respectively, and a mean duration of follow-up of 8.49 ± 12.6 months. At presentation, there was no difference in visual acuity; however, visual acuity was significantly higher for female subjects at last follow-up (p = 0.02). Optical coherence tomography (OCT) analysis showed that subretinal deposits (p < 0.001), hyperreflective foci (p = 0.001), retinal pigment epithelial detachment (p = 0.01) and retinal pigment epithelium (RPE) irregularities (p = 0.03) were higher in male subjects at presentation. Angiographic analysis showed that diffuse leakage and RPE tracts were common in males (p = 0.01 and p = 0.02). No significant differences in choroidal dilatation or diffuse choroidal leakages were noted. Conclusions Female subjects with CSC appear to have better outcomes, with less chances of diffuse RPE damage and other OCT features compared to males.
Introduction
Gender variation has been reported in a range of retinal diseases, but has a complex association dependent upon other demographic factors. For example, except in the oldest age groups, gender has been reported to have similar prevalence in age-related macular degeneration (AMD) [1] . Interestingly, there has been a reported higher risk of neovascular AMD in women in a meta-analysis in European populations [2] . Conversely, no gender differences were shown in the prevalence of retinal vein occlusion in a recent cross-sectional observational study [3] .
Central serous chorioretinopathy (CSC) is a chorioretinal disease characterized predominantly by serous detachment of the neurosensory retina at the macula. It has been associated with a number of risk factors including exogenous steroid use, obstructive sleep apnoea, pregnancy and male gender [4] . The preponderance for male gender as a risk factor for CSC has been evaluated in several studies [4] [5] [6] . The annual incidence of CSC, for example, in the Olmstead County, Minnesota population study was 9.9 for men and 1.7 for women per 100,000 individuals [7] . Similar findings were shown in studies in an Asian populations, although interestingly women were noted to present at an older age group [8] .
Quantitative and qualitative analysis of optical coherence tomography (OCT)-derived images has revealed that there are a number of structural changes in CSC in addition to neurosensory detachment (NSD). Whilst subfoveal choroidal thickness (CT) has been shown to be higher in eyes with CSC, various morphological features have also been investigated including pigment epithelial detachment (PED), subretinal deposition and hyperreflective foci [9] [10] [11] [12] [13] . Variation in visual acuity outcomes has been suggested to be partly due to alterations in these structural features. Interestingly, there may be gender variation in particular morphological features of CSC, perhaps with associated change in visual acuity, prognosis or response to treatment [14] .
Gender variation in OCT-derived features including macular thickness has been reported in normal subjects in a range of populations, although further evaluation in patients with retinal disease is required [15, 16] . It is essential to describe structural changes associated with gender in order to help define prognosis and facilitate treatment decisions. The aim of this study was to investigate possible variations in visual acuity and retinal morphology associated with gender in adult subjects with CSC, including at presentation and follow-up.
Subjects and methods
This was a multicentric retrospective study that included evaluation of subjects diagnosed with CSC both at presentation and resolution of disease activity. The study was approved by the local ethics committee at all study sites and adhered to the tenets set forth in the Declaration of Helsinki.
Study population
Consecutive adult female subjects (aged ≥18 years) diagnosed with naïve CSC with refractive error ±3 D and axial length ≤26 mm were identified from retina clinics from three participating sites (India, United States, Costa Rica), seen between January 2015 and June 2016. All data in this study were collected as part of routine ophthalmic examination of patients attending the clinic. Patients provided consent for their retrospective data to be included in this study. Exclusion criteria including history of exposure to steroids in the past 1 year, history of other active/previous chorioretinal disease, media opacity preventing adequate fundal view, previous ocular surgery (other than cataract surgery) and other significant ocular comorbidity. Age-matched males with the same inclusion and exclusion criteria were also selected.
Imaging protocol
Best-corrected visual acuity (BCVA) was determined and medical comorbidity was recorded from patient's notes. All subjects underwent a comprehensive ophthalmic examination. All subjects were adequately dilated with 2.5% phenylephrine and 1% tropicamide prior to imaging. Each patient underwent SD-OCT (Cirrus, Carl Zeiss Meditec, Dublin, CA, USA or Spectralis, Heidelberg Engineering, Heidelberg, Germany) volume scan of the macula, fundus fluorescein angiography (FFA) and indocyanine green angiography (ICGA) (as per physician's discretion). Visual acuity assessment and imaging was repeated at follow-up visit after resolution of disease activity.
SD-OCT quantitative analyses
All SD-OCT macula images were exported in jpeg format and analysed manually using calipers on the ImageJ software (a publicly available image processing program developed by Wayne Rashand, National Institute of Health, Bethesda, MD, USA, available at: http://rsb.info.nih.gov/ij/ index.html) by a single observer (AG). In addition to central macular thickness (CMT), subfoveal CT was determined as the distance between the underside of the retinal pigment epithelium (RPE)-Bruch's membrane complex and choroidal-scleral interface. The height of the NSD was measured at the fovea as the perpendicular distance between the RPE and neurosensory retina. Intra-observer repeatability of 0.98-0.99 was noted for all measurements.
Qualitative analyses of retinal features of CSC
SD-OCT images were evaluated by an independent observer (JC) for reported qualitative features associated with CSC ( Fig. 1 ) including subretinal deposits, RPE irregularities, PED, double layer sign, outer retinal layer disruption, hyperreflective foci, intraretinal fluid and choroidal neovascular membrane (CNV). All line scans were individually assessed and noted for the presence of the individual retinal feature.
FFA images were scrutinized for the presence of sites of single/multiple leakage, diffuse leakage, tracts and CNV. ICG images were assessed for choroidal vessel dilatation, diffuse and point leakage.
Statistical analyses
Differences between male and female visual acuity, quantitative and qualitative features of imaging were compared with Mann-Whitney test and Fisher's exact test. All statistical analyses were completed in GraphPad Prism Version 5.
Results

Subject characteristics
This study included 155 male and 155 female subjects from a range of different ethnicities and 155 left and 155 right eyes. Mean follow-up of male and female subjects was 45.9 ± 11.6 and 57.0 ± 12.1 weeks. The ethnic distribution of the subjects (and corresponding proportion of gender) included Caucasian (male = 40, 25.8% female = 67, 43.2%), Hispanic (male = 28, 18.1 % female = 25, 16.1%) and Asian (male = 84, 54.1% female = 51, 32.9%). The visual acuity of male and female subjects at presentation was not significantly different at presentation (male: 0.42, female 0.38; p = 0.62), but female subjects appeared to have significantly better visual acuity at follow-up (male 0.24, female 0.14; p = 0.04). The mean duration of the disease in male (7.3 ± 4.1) subjects was significantly less than female (18.7 ± 6.9) subjects (p = 0.02). All subject characteristics are summarized in Table 1 .
SD-OCT quantitative parameters
SD-OCT-derived CMT measurements appeared to be greater in male (419.8 ± 173.2 μm) than female subjects (367.8 ± 158.4 μm) at presentation (p = 0.03). At follow-up, there was no significant difference between CMT measurements between male and female subjects (p = 0.12). Subfoveal CT in male subjects was significantly larger than female subjects at presentation (p = 0.01) but not at followup (p = 0.41). There was no significant difference between the NSD height either at presentation or follow-up between male and female subjects (p = 0.08 and 0.37, respectively). SD-OCT quantitative parameters are described in Table 2 .
SD-OCT and angiography qualitative features
SD-OCT features
Analysis of SD-OCT images showed that the prevalence of subretinal deposits (p < 0.001) and PED (p = 0.01) were greater in male than female subjects at presentation but no difference was noted at follow-up (Fig. 2) . The prevalence of RPE irregularities and hyperreflective foci were higher in male subjects at presentation (p = 0.03 and p = 0.001, Fig. 1 Qualitative spectral-domain optical coherence tomography features in central serous chorioretinopathy evaluated in subjects. SD-OCT images were manually evaluated by an independent observer for reported qualitative features associated with CSC ( Fig. 1) including chronic cystoid changes (thick arrow) and hyperreflective deposits (thin arrow) (a), double layer sign (b), pigment epithelial detachment (thick arrow) and neurosensory detachment (thin arrow) (c), subretinal fibrin (thin arrow) and retinal pigment epithelial detachment (thick arrow) (d) Duration of disease (mean ± SD, weeks) 7.3 ± 4.1 18.7 ± 6.9
Number of subjects, laterality, ethnicity, follow-up of subjects with central serous chorioretinopathy included in the study respectively) and at follow-up (p = 0.02 and p = 0.01 respectively). There was no significant difference in the presence of double layer sign, outer retinal layer disruption, intraretinal foci and CNV between male and female subjects at presentation or follow-up.
FFA features
FFA analysis (Fig. 3) showed that diffuse RPE leakage and RPE tracts was more prevalent in male subjects at presentation (p = 0.01 and 0.03, respectively) and at follow-up (p = 0.03 and p = 0.001, respectively). There was no significant difference in CNV presence or in the number of single/multiple areas of leakage between male and female subjects during the study.
ICGA features
The prevalence of leakage on ICG (Fig. 3 ) was higher in male subjects at presentation (p = 0.01) and at follow-up (p = 0.03). There was no significant difference in the prevalence of choroidal dilatation and diffuse leakage between male and female subjects throughout the study (all p > 0.05).
Analysis of ethnic variation
There was no significant difference between BCVA measurements at presentation between the three most prevalent ethnicities (Indian = 0.14, Caucasian = 0.14 and Asian = 0.18), p > 0.05 (analysis of variance (ANOVA)). There was also no significant difference between CMT and height of NSD between the gender. Subfoveal CT appeared to vary between the genders at presentation (Caucasian = 330.4 ± 112.3 μm; Asian = 223.2 ± 106.1 μm, Afro-Carribean = 301.2 ± 118.1 μm; Hispanic = 296.5 ± 117.3 μm, p = 0.03, ANOVA). Analysis of OCT features showed that there was no significant difference in the OCT or angiographic features included in this study at baseline.
Discussion
We report the variation in chorioretinal structure and associated visual acuity between male and female subjects with CSC in a range of different ethnic populations. There was no significant difference in visual acuity at presentation, but female patients had significantly better visual acuity at follow-up. This better visual outcome in female patients appears to be associated with a reduction in alterations in chorioretinal structure compared with male subjects. Quantitiative analysis of SD-OCT images showed that although there was no significant difference in height of NSD, male subjects appeared to have larger retinal thickness compared with female subjects at baseline, although this difference was not statistically significant at the follow-up visit. This could suggest that the baseline retinal thickness is more important for final visual acuity outcomes as female patients also appeared to have better visual acuity at follow-up. CT was larger in male patients compared to female subjects at presentation (but not follow-up), suggesting that choroidal thickening may be a factor in visual function. CT alteration is typical of patients with CSC; previous studies suggest that CT is greater in eyes with CSC and fellow eyes compared with age-matched controls [9, 17] .
Qualitative analysis of SD-OCT images showed that there were less hyperreflective foci in female subjects and reduced RPE alteration (with fewer subretinal deposits, PED, RPE irregularities). Similarly analysis of FA and ICGA showed that there was more RPE disruption in male patients with diffuse RPE leakage, RPE tracts and point leakage. These alterations in retinal morphology may also be a factor in the poorer visual acuity outcomes in male subjects. Indeed, subretinal deposits themselves in CSC have been correlated with poorer visual function [12] . Interestingly, female patients appeared to show a reduction in subretinal deposits at follow-up compared with the male subjects, suggesting perhaps that these factors may be of use in the assessment of disease chronicity. Alteration in RPE structure on SD-OCT and more leakage (indicating RPE disruption) on angiography were both demonstrated at both baseline and follow-up in male patients (compared with female subjects), suggesting that there is persistent alteration in chorioretinal structure.
Gender differences have been evaluated in a range of retinal diseases and a similar complex relationship has been demonstrated. Indeed, epidemiological studies have suggested that AMD appears more prevalent in female individuals in many studies, although similar studies in Asia have found a higher prevalence in male patients [2, 18, 19] . Male gender has been suggested, however, as a possible protective factor in AMD [20] . Structural variations do not necessarily reflect these visual acuity trends; it has been suggested that features of early AMD appear more consistently in patients with male patients [21] . Diabetic retinopathy has been shown to be more prevalent in men in various studies, although this may also be a reflection of ethnic variation in glycaemic control, blood pressure and treatment patterns of diabetes [22] . It is clear that further study of structural associations with gender in a range of retinal diseases needs further evaluation.
Our analysis of gender variation showed that visual acuity at presentation was not different across the most prevalent ethnicities in this study (Asian, Caucasian and Hispanic). There was no significant difference between the quantitative and qualitative features at baseline except for CT, suggesting that ethnic variation was not responsible for the differences noted in this study.
Limitations of our study include its retrospective design. However, we were able to include a significant number of patients with a range of imaging modalities. One of the unique strengths of this study is that we incorporated subjects from a range of different ethnic populations who were seen both at presentation and follow-up. There were relatively few number of Afro-Caribbean participants in our study; it would be useful to investigate our findings further in Afro-Caribbean patients with CSC. We excluded subjects with steroid exposure to assess the characteristics of primary CSCR.
To the best of our knowledge, this is the first study to describe visual outcome and the structural variation between genders using SD-OCT, FFA and ICGA both at presentation and follow-up. In summary, we report that female subjects appeared to have better visual acuity outcomes at follow-up with associated reduced alteration in retinal morphology including RPE disruption. It would be interesting to investigate how the structural variations reported in our paper could be affected by treatment. This can be used to help define treatment decisions particularly by assessment of the chronicity of disease.
Summary
What was known before
• Qualitative analysis of subjects with CSC indicates significant variation in chorioretinal structure.
• Gender variation has been reported in both OCT-derived structural parameters and visual outcomes in range of chorioretinal diseases.
What this study adds
• Female subjects appear to have better visual outcomes.
• Female subjects appear to have reduced OCT-derived structural changes particularly retinal pigment epithelium damage.
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